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LOIKXTUDIN& STABILITY CHARACTERISTICS OF A 

By Raymond B. Wood 

As a part  of a p r o m  to consider the feasibility  of  water-based, 
high-speed  airplanes,  tests  were  conducted in the -ley 8-foot  high- 
speed  tunnel to determine  the  effects  of a sweptback  hydrofoil on t he  

aerodynamic  characteristics of a &-scale model of the D-558-2 research 
airplane. 

Results  indicate  that  the  hydrofoil  had  little  effect on the lift 
and t he  static  longitudinal  stability  of  the  model  airplane  configuration. 

At subsonic  speeds,  the  hydrofoil  did not affect the amount  of 
control  deflection  but  did  increase t h e  thrust  requirements  for  level- 
flight  sea-level  conditions  approximately 100 pounds at a Mach  number 
of 0.925. However,  increasing  the  Mach  number from 0.95 to 1.20 for 
level-flight  conditions at 35,000 feet  caused a 35-percent  greater 
change in pitching  moment for t h e  model  with  the  hydrofoil.  Approxi- 
mateu 4% jpound.~ more  thrust was required  for  level  flight  at 
35,000 feet at a Mach  number  of 1.20. 

INTBODUCTION 

A general program is  being  conducted  by t h e  Langley Aeronautical 
Laboratory  to  evaluate  the  possibilities  of using water-based,  high-speed 
airplanes. AB a part of  this  program, an inveatiF3ion has been made in 
the Langley 8-foot  high-speed  tunnel  to  determine the aerodynamic  effects 
at  high  speeds  of a sweptback  hydrofoil on a high-speed  airplane. The 
sweptback  hydrofoil as used in this investiFtion was designed  by t h e  
Eydroaynamics  Division at t he  Langley Laboratory. 
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free-stream velocity, feet   per second 

free-stream  density, a l u g ~ l  per  cubic foot 

free-stream m c  pressure, pounds per  square f o o t  (+pV? 

frae-stream velocity of ~ound., feet per second 

f ree-e t rem Mach number (z) 
lift, pounds 

brae, P o d s  

moment, inch-pounds (taken about center of gravity of a i rp lme)  

w i n @  area, square f e e t  

mean aerodynamic chord of the w i n g ,  inches 

l i f t  coefficient ( 3  
drag coeffici6?lt ($) 
pitching-moment coeff ic ien t  (*) 
angle of attack  (fuselage  center  line),  degrees 

angle of incidence sf horizont;al tail re la t ive  t o  f'uoelage 
center line, degrees 

elevator angle re la t ive  to horizontal  tail, degrees 
0 



. 
NACA RM No. ~813oa, 

APPARATUS 

Tunnel 
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The k @ e y  8-foot  high-speed  tunnel is a sinae-return,  closed- 
throat tunnel. T e s t  eectiolvr f o r  both t h e  subsonic-flow and supersonic- 
flow  regions were provided by a l iner installed i n  the tmnelmll. 
Calibration tests show a uniform Velocity In the subsonic mod.el t e s t  
section, and t he  bkch nmber v a r i a t i o n  i n  t he  design M = 1.2  supersanic 
model test region i e  only f O  .02. 

Model Support System 

The forces on the model were measured by m e a n s  of a n  internal 
strain-gage  balance  contained within the model as described in reference 1. 

Figure 1 shows the model, without the hydrofoil, in  the supersonic- 
flow  region. Details of t h e  sting-support system  used in  this inveeti- 
gation are noted in  figure 2.  

Model and Hydmfoil 

A 1 - s c a l e  model of the Douglas D-558-2 research  airplane was used 
16 

f o r  this test. No prohsions were made on the fuselage  for  the flush 
Inlets. Also, the tai l-pipe diameter was expanded..fram 1.25 inches 
to  1.56 inches  to  provide  sufficient  clemancea  for the internal strain- 
S g e  balance  system. A three-view drawing of t h e  model is shown in 
figure 3 and fur ther  dimeneions f o r  the model a r e  l i s t e d  in table I. 

A 40° sweptback hydrofoil having an NACA 63-010 a i r fo i l   s ec t ion  was 
ueed.for th i s  propam.  Detail dimensions fo r  the hydrofoil are  g iven  in 
table 11. 

Notations on figure 4 give the location of t h e  hydrofoil on the 
airplane. The 25-percent  position  of t h e  mean aerodymmic  chord of the 
hydrofoil was 1.70 inches forward of the center of gravity. !Che location 
measurements used fo r  t he  w e y  8-foot  hi&-speed-tunnel model were 
obtained  from those used on a L-scale model tes ted by the -eg 

Hydrodynamics Division as the basic model fo r  the hydrofoil program. 
12 
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TEST FROCEDUFB 

Methods 

M C A  RM No . L8I3Oa . 

'All tests  with and without  the  hydrofoil  were  conducted  with t he  
model tail at a constant  setting  stabilizer a@e it = 1.90; elevator 
deflection 6, = 00). 

( 
The investigation was conducted at -8s of attack of Oo, 2O,  -2O, 

and bo f o r  a subsonic Mach number range from 0.60 to 0.95 and at a super- 
sonic  Mach pmber of 1.20. Slight  deflectlomi of the  model  under  aero- 
dynamic loads, caming small changes in t he  angle of attack,  necessitated 
an ang le  measurement at each  test  point. All moment  calculations  were 
made about  the  center-&-gravity  location. Tbe test  Reynolds  number 
range was from 1.6 to 1.8 based on the model wing chord. An assumed 
w i w  loading of 65 pounds per square foot was used for level-fliat 
calculations. 

Corrections 

A l l  d&ta presented  were  corrected  to a constant  angle  of  attack. No 
other  corrections were &e. 

However, as part of the  high-speed  test propam of this model, the 
interference of t h e  sting on t h e  model  forces I s  being evaluated. Prelimi- 
nary analysis  indicates  that  this  Interference is  approxhately of  the 
magnitude  shown  as follows: 

CL 

0.003 0.005 to 0.010 CD 

0 0 

L I I I 

Pressure data, W e n  along the  sting behind the model, indicated no 
chanp in flow characteristics as a result  of  adding  the hydrofoil to the 
model.  Therefore, the incremental data for the  hydrofoil  being  analyzed 
probably would not  be  affected to any appreciable depee by the sting- 
support s y s t m .  A similar line of reasoning  would  also  explain  the  neglezt 
of tunnel-wall  corrections.  Choking  occurred  at the model  at  approxhately 
M = 0.97; howover, no data were taken at this point. 

, 

c 
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Pitching Moment and Lift 

The variation of pitching-moment coefficient and l i f t  coefficient 
with Mach n&er for   the  complete mdel, wfth asd without  the  hydrofoil, 
is shown in  figure 5 .  

A t  subsonic speeds, the addition of the hydrofoil t o  the model had 
l i t t l e  e f fec t  on the lift and moment. Also, there is no shift in the 
position of the  force  break  for  ei ther  coefficient.  

A t  M = 1-20, the model w i t h  the hydrofoil experienced a slight 
incremental bss of l i f t  aSa a subs tan t id   pos i t ive  rise in pitching- 
moment increment. The abrupt change in pitching moment may possibly 
be due t o  e i ther  a formzd  sh i f t  of the  center-of-pressure  position 
caused by the  wing-hydrofoil  conibination o r  EL change in downwash at the 
tail. 

S tab i l i ty  

The variation of pitching-moment coefficient  with lift coefficient 
f o r  the model with and without the  hydrofoil I s  shown f o r  each test 
Mach nmiber in figure 6 .  

A t  a l l  subsonic speeds and at  M = 1.20, the model with and without 
the  hydrofoil generally had the same degree of static longitudinal 
s t ab i l i t y .  The change of control  deflection  required f o r  leve l  flight 
f o r  the model with and without the  hydrofoil waa negligfble at subsonic 
speeds.  Increming  the Mach rider from 0.95 t o  1.20, however, necessi- 
tated  considerably  larger changes in the  control  deflection  requfred 
fo r   l eve l   f l i gh t  for the mdel with  the  hydrofoil. For instance, a t  
35,000 feet   for  level-fl ight  conditions,   there waa a p p r o a i t e l y  a 
35-percent greater change in pitch- moment fo r   t he  model with 
hydrofoil In going from M = 0.95 t o  M = 1.20. 

Control d i f f i cu l t i e s  may easi ly  prove t o  be t h e   c r i t i c a l  problem 
f o r  hydrofoil   installation on airplanes  expected t o  fly f ae t e r  than 
the speed of sound. T h i s  problem is especially  cri t ical   became of 
the loss of elevator  effectiveness nornaally experienced in the 
transonic  region. Causes for  these  chmges  cannot  be  evalueted 
because of the limfted and elementary scope of this test. 

. 
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Drag 

Ths variation  of  drag  coefficient  with  Mach nmber for t he  
model,  with and without  the  hydrofoil, is shown in f i v e  7. 

complete 

The model with t h e  hydrofoil  produced amall positiva  incremental  drag 
increases  at  subsonic  speed  without  indicating any tendency for a shift 
in  the  position  of  the drag force break. At M = 1.20, the drag  increase 
due to the addition of the  hydrofoil was considerably  larger  than  at lower 
speeds. 

Calculations for  level-flight  conditions at high  subsonic  speeds and 
at M = 1.20 indicate  greater  thrust  requirements with the- hydrofoil. For 
instance, for the  full-scale  airplane for M = 0.925 at sea l eve l  approxi- 
mately 100 pounds more thrust would be  required; and for M = 1.20 at 
35,000 feet  approximately 450 pounds more thrust  would be required. 

CONCLUSIONS 

At subsonic  speeds, t h e  aadition of t h e  hydrofoil to t h e  model had 
little  effect on t h e  lift and moment. 

The  static  longitudinal  stability  for any test  Mach  n-amber was not 
appreciably  altered by t he  addition of t h e  hydrofoil. 0- negligible 
differences were indicated in control  deflection  required for level  
flQht at subsonic  speeds  because of the lydmfoil. However,  increasixq 
the Mach  number  from 0.95 to 1.20 for  level-flight  conditions  at 
35,000 feet  caused a 35-percent  greater  change in pitching  moment  for t h e  
model  with t h e  hydrofoil. 

Also, the  addition  of t h e  hydrofoil to t h e  model increased  the  thrust 
requirements  of t h e  full-scale airplane  approximately 100 pounds at a 
Mach number of 0.925 (sea l eve l )  and approximately 450 pounds  at a Mach 
number  of 1.20 (35,000 feet)  for  level-fli&t  conditions. 

Langley Aeronautical  Laboratory 
National  Advisory  Committee f o r  Aeranautics 

Langley Field, Va. 
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TABLE I . - D I " S I O N S  OF & - S U  MODEL, O F  TEE DOUGW D-558-2 AIRPLANE 

W i q  root  section  (normal  to  30-percent-chord line) . . . . .  NACA 63-010 
Wing  tip  section (no rma l  to 30-percent-chord line) . . . .  NACA 631-012 
Wing span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  
wtng area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  o . 284 
W i n g  mean  aerodynamic  chord. in . 

. 18 -6 

(Location of 25 percent  chord 0.26 ~n . 
behind center of @%vi*) . . . . . . . . . . . . . . . . . .  5.46 

Wing  sweep angle (30-percent-chord l i ne ) .  de@: . . . . . . . . . . .  35 
W i n g  aspect  ratio . . . . . . . . . . . . . . . . . . . . . . . .  3.5'7 
Wirq incidence.  deg . . . . . . . . . . . . . . . . . . . . . . . .  . 3  
Wing dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Wing  taper  ratio . . . . . . . . . . . . . . . . . . . . . . . . .  1 - 1 1  
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TABLE I1 .. ~ O F O S G  DIMENSIONS 
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Hydrofoil  section . . . . . . . . . . . . . . . . . . . . .  NACA 63-010 
Hydrofoil  aspect  ratio . . . . . . . . . . . . . . . . . . . . . .  3.06 
-*ofoil t aper   ra t io  . . . . . . . . . . . . . . . . . . . . . . . .  1.40 
Hydrofoil span. in . . . . . . . . . . . . . . . . . . . . . . . . .  5.25 

. mdrofo i l  area. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0 . 0627 
Hydrofoil mean aerodynamic  chord. in . 

(Location of 25-percent  chord 1.70 in . 
forward of center of gravity) . . . . . . . . . . . . . . . .  1.78 

Eydrofoil  incidence. deg . . . . . . . . . . . . . . . . . . . . . .  2 
Hydrofoil dihedral. deg . . . . . . . . . . . . . . . . . . . . . . .  0 
rndrofoil   weep an@e (leading edge). deg . . . . . . . . . . . . . . .  40 
Eydrofoil  root chord. in . . . . . . . . . . . . . . . . . . . . . .  2 . 0 
Rydrofoil t i p  chord. in . . . . . . . . . . . . . . . . . . . . . . .  1.43 
mdrofo i l  strut section WLCA 66-010 
Hydrofoil strut sweep =@e (leading edge). deg . . . . . . . . . . .  45 
Hydrofoil strut root  chord. in . . . . . . . . . . . . . . . . . . .  1.3 
Hydrofoil strut t i p  chord. in . . . . . . . . . . . . . . . . . . .  1.50 
Eydrofoil strut area. sq ft . . . . . . . . . . . . . . . . . . .  0.0148 

*- . . . . . . . . . . . . . . . . . .  
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F-yur e 3. - Drawing of the 6 - scde model of& 0-558 -2 us fesfed h f h  



NACA RM No. L8I3Oa 

I w 
figure 4.- Drawing o f  fhc hydrofoi/ and inshdlafion o f  

fhe h ydrofii/ on ?he ,z - scde mode/ of fhe 0-558-2 . / 

(All dimensions in inches,! - 



16 

M Q C ~  number, M 

Fi'gure 5. - Vsrkfion of /iff coefficient and pitching- momenf 
coefficient with Mach number fbr consfont angles of attqck .(The 
ploin symbols reer fo fhe complete model with hydrofoil and 
ths flogged symbols re& lek modefJ if = 1.9.; de = 0". 
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""_ C o m ! d e  1 wifh hydrofoi/ 
Compleh mode/ 

ien t, CL 

FiQure 6. - Variotian of pitching-momenf coefficjenf wiff, /iff 
coef fk ien f  for vurtous Moch numbers for comp/ete 
model a m d  complefe mode/ wifh hydrofoil. if = / .G 
de= 0 O. 
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with hydrofoil ""- Complefe model  

L i f f  coeff icient,  CL 

Figure 6. - Conc/uded. - 
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./4 I I I I I I I I I I 
- - Cornplefe model with hydrofojl ""- Complete mode/ 

-Mach- number, M 

Figure 7. - Voriufion of  drug coefficient with Moch 
number f o r  consfonf ong/es of  dfack -<The plain 
symbols refer fo fhe complefe model wifh h drofoii 
and the flagged symbols refer f o  fhe comp 7 efe 
model.) if = 1 . 9  ; 8, = 09 

__I__ 




